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PREFACE 
The New Zealand Milk Board is responsible for managing the supply 
quota scheme for town milk farms, is involved in fixing allowances for 
various sectors of the milk processing and distribution chain, and is 
charged with making recommendations to government on the consumer price 
for milk. Hence, the monitoring of consumer demand, identifying factors 
affecting demand, and the estimation of future demand patterns are all 
of vital interest to the Board's activities. This interest has 
heightened with declining sales for nearly a decade and the adjustment 
problems within the industry that are associated with such a decline. 
The principal objective of this report is to identify factors 
determining the demand for milk in New Zealand. This is achieved by use 
of an econometric model. 
The report was written by Dr R.J. Brodie (Senior Lecturer in the 
Department of Agricultural Economics and Marketing at the College), 
Mr R.G. Moffitt (Research Economist in the Agricultural Economics Research 
Unit) and Mrs J. Gough (~emporary Research Economist in the Department). 
Financial support for the project was forthcoming from the New Zealand 
Milk Board, the Department of Agricultural Economics and Marketing and 
the A.E.R.U. 
P.D. Chudleigh 
Director 

SUMMARY 
This report presents the results of a preliminary econometric analysis 
of the factors affecting town milk consumption in New Zealand. The study 
objectives are: 
( 1 )  to review overseas studies which have examined the demand for fluid 
milk; 
( 2 )  to specify and estimate quarterly and annual econometric models in 
order to quantify the factors which determine demand; and 
( 3 )  to investigate the models' suitability for short-term and medium- 
term forecasting and policy analysis. 
The study demonstrates that econometric analysis provides an effective 
tool for quantifying the factors which determine the per capita consumption 
of milk. The estimated mode.1~ show consumption is largely determined by 
four factors. These are: 
( 1 )  the previous period's consumption level, 
( 2 )  the real price of milk, 
( 3 )  the proportion of young people in the population, and 
( 4 )  seasonal factors. 
The New Zealand market is very price inelastic or unresponsive to 
price changes and is even more unresponsive than the Australian market. 
Other factors such as disposable income and advertising do not appear 
to have an important influence on milk consumption but further investiga- 
tion is necessary to determine their exact effect. 
The estimated models appear to be highly suitable for accurate short- 
and medium-term forecasts. 
The authors are confident that an extension of this analysis will 
lead to the development of a valuable tool to be used by the industry to 
plan and co-ordinate its marketing programme over the next decade. 

CHAPTER 1 
BACKGROUND AND STUDY OBJECTIVES 
1. I Background 
New Zealand's domestic consumption of fluid milk peaked in 1975 when 
over 4 2 2  million litres of pasteurised town milk were sold in New Zealand. 
Since then both total and per capita consumption have declined. This has 
occurred despite the efforts made by the New Zealand Milk Board to stimu- 
late demand. While a number of factors such as consumer resistance to 
higher prices, a changing age structure in the population, falling real 
incomes and changing consumer tastes may have precipitated this decline, 
the nature of these effects is not known. 
1.2 Study Objectives 
The main objective of this study is to demonstrate the way in which 
econometric analysis can be used for three different specific purposes: 
( 1 )  historical analysis - quantifying the factors which determine demand 
for milk and evaluating the effects of price increases, the effective- 
ness of advertising, and other marketing activity; 
( 2 )  forecasting seasonal and annual sales; and 
( 3 )  policy analysis - exploring the consequences of future policy alter- 
natives. For example, the econometric model can be used to indi- 
cate how much per capita consumption falls for different levels 
of price increases. 
1.3 Out1 ine of Report 
Chapter 2  reviews previous studies in order to identify the 
factors affecting the demand for milk, Chapter 3 outlines the methodology 
and Chapter 4  presents the results. First the results for the quarterly 
(short-term) model are presented, followed by the results for the annual 
(medium-term) model. Finally Chapter 5 draws conclusions about the useful- 
ness of the models, whether the results were consistent with overseas 
studies and makes recommendations about further research. 

CHAPTER 2  
FACTORS AFFECTING MILK CONSUMPTION 
On t h e  b a s i s  o f  m a r k e t i n g  t h e o r y  and e v i d e n c e  from o v e r s e a s  s t u d i e s ,  
a  number o f  f a c t o r s  o r  v a r i a b l e s  need t o  be  c o n s i d e r e d  i n  demand models 
f o r  m i l k .  These i n c l u d e  t h e  p r i c e  o f  m i l k ,  d i s p o s a b l e  income, age d i s t r i -  
b u t i o n  o f  t h e  p o p u l a t i o n ,  t h e  p r i c e  o f  m i l k  s u b s t i t u t e s ,  consumer a t t i t u d e s  
towards  such f a c t o r s a s  t h e  h e a l t h  and "goodness" o f  m i l k  v e r s u s  m i l k  s u b s t i -  
t u t e s ,  and f i n a l l y  t h e  i n f l u e n c e  o f  a d v e r t i s i n g  and o t h e r  forms o f  m a r k e t i n g  
a c t i v i t y  f o r  m i l k  and i t s  s u b s t i t u t e s .  The remainder  o f  t h i s  c h a p t e r  
r e v i e w s  t h e  ev idence  from p r e v i o u s  s t u d i e s  about  t h e  r e l a t i v e  importance  
o f  t h e s e  f a c t o r s .  
2 .  1 P r i c e  
Overseas  s t u d i e s  i n d i c a t e  t h a t  t h e  p r i c e  f o r  m i l k  i s  v e r y  i n e l a s t i c  
i n  t h e  s h o r t  term w i t h  p r i c e  e l a s t i c i t i e s  g e n e r a l l y  l e s s  t h a n  -0 .2 .  Per-  
h a p s  t h e  most r e l e v a n t  a s s e s s m e n t  i s  an A u s t r a l i a n  s t u d y  by Nelson (1977) 
which used  a  q u a r t e r l y  t i m e  s e r i e s  model t o  examine t h e  demand f o r  m i l k  
i n  t h e  s t a t e s  o f  V i c t o r i a  and New South Wales. The p r i c e  e l a s t i c i t y  f o r  
p e r  c a p i t a  consumption o f  m i l k  was e s t i m a t e d  t o  be  -0.10 i n  V i c t o r i a  and 
-0. 15 i n  New South Wales.  l 
Most of  t h e  o v e r s e a s  s t u d i e s  a d j u s t ~ d  t h e  p r i c e  o f  m i l k  f o r  i n f l a t i o n  
i n s t e a d  o f  u s i n g  t h e n o m i n a l  p r i c e .  Because o f  t h e  h i g h  r a t e  o f  New Zealand 
i n f l a t i o n  d u r i n g  t h e  s t u d y  p e r i o d  t h i s  s t u d y  examines  changes  i n  b o t h  t h e  
nominal  and r e a l  ( i n f l a t i o n  a d j u s t e d )  p r i c e .  
The use  o f  r e a l  v a l u e s  assumes t h e  absence o f  money i l l u s i o n  i n  consu- 
mer b e h a v i o u r .  Money i l l u s i o n  e x i s t s  when h i g h  i n f l a t i o n  c a u s e s  consumers 
t o  l o s e  s i g h t  o f  t h e  t r u e  p u r c h a s i n g  power o f  money. They b e l i e v e  t h a t  
v a l u e s  a r e  measured i n  d o l l a r s  r a t h e r  than  by t h e  amount o f  goods and 
s e r v i c e s  t h a t  t h o s e  d o l l a r s  w i l l  buy. A p r i c e  r i s e  i n  m i l k  i s  u s u a l l y  
fo l lowed  by a l a r g e  i n i t i a l  d r o p  i n  consumption.  I t  may t a k e  consumers 
some t ime  t o  a d j u s t  t h e i r  p u r c h a s i n g  d e c i s i o n s .  Consumers e v e n t u a l l y  
r e a d j u s t  consumption t o  a  l e v e l  h i g h e r  t h a n  t h a t  p r e v a i l i n g  immediate ly  
f o l l o w i n g  t h e  p r i c e  r i s e  b u t  m a r g i n a l l y  lower  t h a n  t h a t o b s e r v e d  b e f o r e  
t h e  p r i c e  i n c r e a s e .  The s t u d y  by Nelson (1977) f a i l e d  t o  r e v e a l  any e f f e c t  
o f  money i l l u s i o n  i n  t h e  V i c t o r i a  o r  New South Wales m a r k e t s .  I f  t h e r e  
had been money i l l u s i o n  p r e s e n t  t h e  r e a d j u s t m e n t  had t a k e n  p l a c e  w i t h i n  
t h e  t h r e e  month o b s e r v a t i o n  i n t e r v a l .  
I The e l a s t i c i t y  o f  demand i s  d e f i n e d  a s  t h e  p e r c e n t a g e  change i n  t h e  
q u a n t i t y  demanded a s s o c i a t e d  w i t h  a  p e r c e n t a g e  change i n  a  c a u s a l  
v a r i a b l e ,  w i t h  t h e  c e t e r i s  p a r i b u s  assumpt ion o f  a l l  o t h e r  f a c t o r s  
r emain ing  c o n s t a n t .  The e l a s t i c i t y  i s  c a l l e d  i n e l a s t i c  when i t  i s  
l e s s  t h a n  o n e a n d e l a s t i c  when i t  i s  g r e a t e r  t h a n  one .  
2 .2  Income 
Real  d i s p o s a b l e  income i s  a n o t h e r  f a c t o r  which a f f e c t s  che l e v e l  
o f  consumption of  food i t e m s .  However, o v e r s e a s  s t u d i e s  i n d i c a t e  t h a t  
m i l k  is  regarded  a s  a  n e c e s s i t y  by consumers and s o  i s  n o t  a f f e c t e d  by 
income changes .  For example two U.S.A. s t u d i e s  by George and King (1971) 
and Boehm (1976) e s t i m a t e d  t h e  income e l a s t i c i t i e s  t o  be  0 . 2  and 0 . 1  
w h i l e  t h e  Canadian s t u d y  by Lu and Marshal1  (1973) ,  t h e  UK s t u d y  by S t r a k  
and G i l l  (1983) ,  and t h e  A u s t r a l i a n  s t u d i e s  by Nelson (1977)  and S t r e e t  
(1974)  found changes i n  income t o  be  u n r e l a t e d  t o  m i l k  demand. 
2 . 3  A g e  
Overseas  ev idence  i n d i c a t e s  t h e  age compos i t ion  o f  t h e  p o p u l a t i o n  
t o  h a v e  a  v e r y  s t r o n g  i n f l u e n c e  on t h e  p e r  c a p i t a  consumption o f  m i l k  w i t h  
h i g h  l e v e l s  of  consumption by c h i l d r e n .  A 1965 consumer s u r v e y  by t h e  
U n i t e d  S t a t e s  Department o f  A g r i c u l t u r e  (1970) found t h a t  c h i l d r e n  under  
10 y e a r s  o f  age consumed t h r e e  t i m e s  a s  much m i l k  a s  p e o p l e  o v e r  35 y e a r s .  
A d e c l i n e  i n  m i l k  consumption began a t  abou t  12 y e a r s  f o r  f emales  and 17 
y e a r s  f o r  ma les .  T h i s  d e c l i n e  i n  m i l k  consumption c o n t i n u e d  u n t i l  about  
65 y e a r s  o f  age when i t  s l o w l y  s t a r t e d  t o  r i s e  a g a i n .  A Canadian consumer 
r e s e a r c h  s t u d y  r e p o r t e d  by TAu and Marshal1  (1973) found t h a t  c h i l d r e n  
consumed more m i l k  t h a n  t e e n a g e r s  d i d  and t e e n a g e r s '  m i l k  consumption was 
g r e a t e r  t h a n  t h a t  o f  a d u l t s .  
The economet r i c  e v i d e n c e  from t h e  U.S.A. ( e . g .  Boehm (1976)  and 
Schr imper  (!975))  and A u s t r a l i a  ( e . g .  S t r e e t  (1974)  and Nelson (1977) )  
a l s o  s u p p o r t s t h e  h y p o t h e s i s  t h a t  t h e  d e c l i n e  i n  t h e  p r o p o r t i o n  o f  c h i l d r e n  
i n  t h e  p o p u l a t i o n  i s  a n  i m p o r t a n t  f a c t o r  i n  t h e  d e c l i n e  i n  m i l k  consump- 
t i o n .  
2 .4  Milk S u b s t i t u t e s  
Nelson (1977) emphas i ses  t h a t  l i t t l e  i s  known a b o u t  t h e  e x a c t  i n t e r -  
r e l a t i o n s h i p s  between m i l k  and o t h e r  b e v e r a g e s .  The c o m p l e x i t y  i n  i d e n t i -  
f y i n g  t h e  i n f l u e n c e  o f  s u b s t i t u t e s  i s  h i g h l i g h t e d  by t h e  l a r g e  range  o f  
d i f f e r e n t  consumer u s e s  f o r  m i l k .  For  example a  r e c e n t  consumer s u r v e y  
commissioned by t h e  New Zea land  Milk Board (1983) i n d i c a t e s  t h a t  29 per-  
c e n t  o f  m i l k  i s  used on b r e a k f a s t  c e r e a l s  o r  p o r r i d g e ;  29 p e r c e n t  a s  a  
c o l d  m i l k  d r i n k ;  14 p e r c e n t  a s  a  h o t  m i l k  d r i n k ;  9  p e r c e n t  w i t h  t e a  and 
c o f f e e ;  12 p e r c e n t  f o r  c o o k i n g  and b a k i n g  and 7  p e r c e n t  on d e s s e r t s .  
Because o f  t h e  wide v a r i e t y  o f  u s e s  i t  can  be  c o n c l u d e d  t h a t  i n  t h e  
s h o r t  t e r m , a g g r e g a t e  consumption o f  m i l k  i s  n o t  l i k e l y  t o  b e  a f f e c t e d  
marked ly  by c o m p e t i t i o n  from s u b s t i t u t e s  i n  any one o f  t h e s e  m i l k  c a t e -  
g o r i e s .  
2.5 A d v e r t i s i n g  and Other  Marke t ing  A c t i v i t y  
Only t h r e e  s t u d i e s  were  found which took  i n t o  a c c o u n t  t h e  e f f e c t s  
o f  a d v e r t i s i n g  and no s t u d i e s  were found which examined t h e  e f f e c t s  o f  
o t h e r  forms o f  m a r k e t i n g  a c t i v i t y  such a s  p u b l i c  r e l a t i o n s ,  p r o d u c t  and 
p a c k a g i n g  i n n o v a t i o n  and p o i n t  o f  s a l e  promot ion.  The two U . S . A .  s t u d i e s  
by Chen e t  a l .  (1972) and Thompson and E i l e r  (1975) which measured t h e  
e f f e c t s  o f  a d v e r t i s i n g  emphas i se  t h e  dynamic e f f e c t s .  The s t u d i e s  show 
that while the current effects of advertising may not be large there are 
important carry-over effects which may last up to a year. Similar conclu- 
sions were drawn by Strak and Gill (1983) in the study of the U.K. market. 
The study indicates that short-term (monthly) advertising elasticities 
to be Less than 0.01 and the long-run elasticity'computed from the cumula- 
tive values to be 0.03. 
2.6 Consumer Attitudes and Behaviour 
No overseas studies were found which explicitly accounted for the 
effect of changes in consumer attitudes and behaviour. In some studies 
a rime trend variable was included to reflect a steady change in attitudes 
and behaviour over the study period. 

CHAPTER 3 
METHODOLOGY 
3. 1 Model Specificat ion 
Two basic models were specified; a quarterly model is used for short- 
term forecasting and policy analysisand an annual model is used for medium- 
and long-term forecasting and policy analysis. The dependent variable in 
both cases is the per capita consumption of milk, and the independent 
variables are the price of milk, measures of disposable income, measures of 
the age structure of the population, and amount spent on advertising. A 
lagged consumption variable is inc uded to allow for the effects of past i! 
consumption on present consumption , and the quarterly model contained 
dummy variables to reflect seasonality. Both linear and log-linear models 
were specified, and an optional trend variable was included in the annual 
model. 
The initial specification of the quarterly linear model is 
CONS = bo + blcO~S(-I) + b2PRICER + b3WAGER + b 4 ~ ~ ~ @ 1 4  + 
b5~DVR + b6D1 + b7D2 + bgD3 + U 
where 
CONS = pasteurized milk consumption per head per quarter 
CONS(-I) = previous period's consumption per head 
PRICER = price of milk per litre deflated by the CPI for food 
WAGER = real wage rate 
AGE0 14 = percentage of the population in the 0 to 14 year old 
age group 
ADVR = advertising expenditure (adjusted for inflation) 
D], D2, D3 = Dummy seasonal variables relative to the first 
quarter (~anuary-March) 
U = Random error term 
3.2 Model Estimation,Evaluation and Testing 
The models were estimated using ordinary least squares and then 
evaluated for specification errors and face validity. This included 
testing for autocorrelation and examining the parameter estimates to 
see if they are consistent with a priori expectations. For example 
the price elasticity is expected to be negative and small in value. 
To assess its forecasting accuracy,the model's observations 
outside the data set were compared with the values which were predicted 
by the estimated models. 
The data used to estimate the models are presented in Appendix B. 
See Appendix A for the justification of including a lagged consumption 
variable 
7 .  

CHAPTER G 
RESULTS 
4 .  1 Q u a r t e r l y  Models 
T h i s  s e c t i o n  d e s c r i b e s  t h e  r e s u l t s  f o r  t h e  q u a r t e r l y  mode l s .  , T h e s e  
models aim t o  q u a n t i f y  t h e  f a c t o r s  which a f f e c t  consumption of  m i l k  
i n  t h e  s h o r t  t e rm.  
4 . 1 . 1  I n i t i a l  A n a l y s i s  o f  Data 
The g r a p h i c a l  a n a l y s i s  o f  p e r  c a p i t a  consumption ( s e e  F i g u r e  1) 
i n d i c a t e s  an  i n i t i a l  i n c r e a s e  i n  t h e  consumption o f  m i l k  up t o  1975 and 
t h e n  an o v e r a l l  d e c l i n e .  Consumption i s  a l s o  c h a r a c t e r i s e d  by marked 
s e a s o n a l  d i f f e r e n c e s  between t h e  q u a r t e r s  w i t h  consumption b e i n g  lower  
i n  t h e  summer p e r i o d .  
P r i c e  
There  was l i t t l e  change i n  t h e  p r i c e  o f  domes t i c  town m i l k  u n t i l  
e a r l y  1976, b u t  s i n c e  t h a t  d a t e  t h e r e  h a s  been  a t  l e a s t  one p r i c e  i n c r e a s e  
each y e a r .  On F e b r u a r y  l ,  1976 t h e  p r i c e  f o r  a  600 m 1  b o t t l e  o f  m i l k  
doubled from 4  c e n t s  t o  8  c e n t s .  ' I n  March 1983 t h e  p r i c e  was 30 c e n t s  
p e r  600 m 1  ( s e e  Tab le  I ) . 
TABLE 1 
Consumer P r i c e s  o f  Town Milk  i n  New Zealand 
P r i c e  p e r  b o t t l e  P r i c e  p e r  l i t r e  
J a n u a r y  197 1 
March 1974 
F e b r u a r y  1976 
F e b r u a r y  1977 
May 19 78 
A p r i l  1979 
F e b r u a r y  1980 
November 1980 
August 198 1 
June 1982 
7 .0423 c e n t s  
6.6667 
13.3333 
15.0000 
16.6667 
25.0000 
30.0000 
35.0000 
4  1.6667 
50.0000 
SOURCE: New Zealand Milk Board Annual R e p o r t s  1972 t o  1982. 
Figure  I :  .QUARTERLY MILK CONSUMPTION PER HEAD 
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Figu re  2 :  MILK PRICE DEFLATED BY C .P . I . (FOOD)  
The money p r i c e  o f  town m i l k  was d e f l a t e d  t o  t h e  r e a l  p r i c e  u s i n g  
t h e  food component o f  t h e  Consumers P r i c e  Index .  F i g u r e  2 h i g h l i g h t s  
t h e  g r a d u a l  d e c l i n e  i n  r e a l  p r i c e  which o c c u r r e d  a f t e r  each  mi lk  p r i c e  
i n c r e a s e .  
Income 
While t h e r e  was a  s t e a d y  i n c r e a s e  i n  t h e  nominal  weekly wage between 
1972 and 1983 t h e r e  was l i t t l e  v a r i a t i o n  i n  t h e  r e a l  wage r a t e  ( s e e  
Appendix B ) .  
Ase S t r u c t u r e  o f  t h e  P o ~ u l a t i o n  
There  was a  s t e a d y  d e c l i n e  i n  t h e  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  under  
14 y e a r s  from 3 1  p e r c e n t  t o  26 p e r c e n t  o v e r  t h e  s t u d y  p e r i o d  from J a n u a r y  
1972 t o  March 1983 ( s e e  Appendix B) .  
Advert  i s  i n z  
P r i o r  t o  November 1977 t h e  Milk P u b l i c i t y  Counc i l  o f  New Zealand 
under took  v e r y  l i t t l e  media a d v e r t i s i n g  and promot ion.  A f t e r  t h i s  
p e r i o d  t h e  a n n u a l  e x p e n d i t u r e ,  by t h e  r e s t r u c t u r e d  c o u n c i l  ( c a l l e d  t h e  
New Zealand Milk  Promot ion c o u n c i l )  was i n c r e a s e d  c o n s i d e r a b l y .  A sub- 
s t a n t i a l  amount o f  t h i s  e x p e n d i t u r e  was on TV a d v e r t i s i n g  ( s e e  Tab le  2 ) .  
TABLE 2 
A d v e r t i s i n g  and R e l a t e d  E x p e n d i t u r e  by t h e  
New Zea land  Milk  Promot ion C o u n c i l  
Year Ending 
March $,000 (nomina l )  $,000 ( r e a l ) a  
1978 223.0 4 13.3 
1979 426.7 673.9 
1980 353.6 463.6  
198 1 165.5 185.9 
1982 473.8 473.8 
1983 ( e s t i m a t e d )  541.  1 
a 
c o n v e r t e d  t o  1982 d o l l a r s  
4.1.2 Estimation Results 
The estimated demand function for the final model's specification 
is : 
CONS = 0.804 + 0.628 CONS(-]) - 0.066 PRICER 
(4.01) (10. 15) (-5.81) 
-2 R = 0.987 F (6,371 = 527.2 D.W. 
where the t sta istics are given in brackets underneath the estimated 
-5 
coefficients; R is the coefficient of variation adjusted for the number 
of independent variables and D.W. is the Durbin Jatson Statistic. All 
the variables are in log form and are defined as 
CONS = pasteurized milk consumption per head 
CONS(-I) = the previous ~eriod's pasteurized milk consumption 
per head 
PRICER = the price of milk per litre deflated by the consumer 
price index for food 
AGE0 l4 = the proportion of the population between 0 and 14 
years 
D], D2, D3 = Dummy seasonal variables relative to the first 
quarter (~anuary-March). 
Under this specification all the parameter estimates have the 
expected signs and are statistically significant at the 99 percent confi- 
dence level. The Durbin Watson statist'c indicates the model to be free 
-2 from specification error and the high R and F statistic values indicate 
that the model explains variation in per capita consumption of milk 
extremely well. The "goodness of fit" of the model is highlighted in 
Figure 3 where actual and predicted values are plotted. 
The initial model specifications also included a real wage rate 
index and an advertising dummy variable. However these variables were 
dropped from the final specification because they were not statistically 
significant. The estimation results for these models are included as 
Table 3. Specifications which included lagged real price and the unde- 
flated money price of milk as variables were also estimated to test for 
money illusion effect. The lack of statistically significant results is 
consistent with Nelson's (1977) Australian results and indicates, if 
there is money illusion present, the adjustment takes place within three 
months. 
1-I 
The log-linear model is given because the elasticities can be read 
directly. The estimation results for the linear model are given 
in Table 3. 
F i g u r e  3 :  QUfIRTERLY ACTUAL VS.  PREDICTED VALUES 
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Key: A c t u a l  
P r e d i c t e d  - - - - 
TABLE 3  
Estimation Results for Quarterly Models 
L inear Mode l S Log--Linear Models 
1 .  Final 2. Initial I .  Final 2. Initial 
Variable Specification Specification Specification Specification 
Constant 10. 134 10.848 0.804 1 . 1 1 1  
(5 .10)**  ( 4 .  16)** (4 .01 ) * *  ( 2 . 7 7 ) * *  
PRICER. -0.159 - 0 .  160 -0.066 -0 .069 
( -7 .08)**  ( -6 .9  1 )** ( -5 .81)**  ( -5 .80 ) * *  
WAGER - -0.001 - -0.046 
( - 0 . 4 7 )  ( - 0 . 9 7 )  
ADV R - -0.003 - 
( -0 .01  5) 
Number of 
Observations 4  4  
Note: The values in brackets under the parameter estimates are the t 
statistics. ** indicates that the estimate is statistically 
significant at the 99% confidence level and * the 95% confidence 
level. 
4 .1 .3  Comments on the  Fac tors  Which Determine Per Capi ta  Consumption of 
Milk 
The es t imated  models show t h a t  q u a r t e r l y  per  c a p i t a  consumption of 
town milk i s  l a r g e l y  determined by four  f a c t o r s .  They a r e :  
( 1 )  t h e  previous p e r i o d ' s  consumption l e v e l  
( 2 )  t he  r e a l  p r i c e  of milk (no t  t h e  nominal p r i c e )  
( 3 )  t he  propor t ion  of young people i n  t h e  populat ion 
( 4 )  seasonal  f a c t o r s .  
The high t -values f o r  t h e  parameter e s t ima te s  f o r  a l l  o f  t hese  
v a r i a b l e s  mean a  high l e v e l  of  confidence can be placed i n  t h e  accuracy 
of  t h e  e s t i m a t e s .  Because t h e  model i s  s p e c i f i e d  i n  a  l o g - l i n e a r  form 
t h e  parameter e s t ima te s  f o r  t h e  C O N S ( - I ) ,  PRICER and ~ ~ ~ 0 1 4  v a r i a b l e s  
can be i n t e r p r e t e d  d i r e c t l y  a s  e l a s t i c i t i e s .  
The p r i c e  e l a s t i c i t y  of  -0.066 i n d i c a t e s  t h a t  t h e  market i s  very  
p r i c e  i n e l a s t i c  o r  unresponsive t o  p r i c e  changes. For example a  10% 
i n c r e a s e  i n  r e a l  p r i c e  f o r  mi lk  would only lead  t o  l e s s  t han  a 1 %  
decrease  i n  consumption. The va lue  of  -0.066 i s  l e s s  t han  Nelson ' s  
(1977) e s t ima te s  of -0.10 and -0.15 f o r  t h e  V i c t o r i a  and New South Wales 
markets  i n d i c a t i n g  t h a t  t h e  New Zealand domestic market i s  even l e s s  
respons ive  t o  p r i c e  than the  A u s t r a l i a n  market.  
The age s t r u c t u r e  e l a s t i c i t y  of  0.188 i n d i c a t e s  t h e  age s t r u c t u r e  
of t h e  popula t ion  has a  very  important  in f luence  on per  c a p i t a  consump- 
t i o n .  For example a  decrease from 25 percent  t o  20 percent  i n  t he  pro- 
p o r t i o n  of popula t ion  i n  t he  0 t o  14 age group would r e s u l t  i n  n e a r l y  a  
4  percent  decrease i n  per  c a p i t a  consumption of milk.  
The parameter of 0.628 f o r  t h e  lagged consumption v a r i a b l e  can be 
i n t e r p r e t e d  a s  a  h a b i t  o r  i n e r t i a  index.  It i n d i c a t e s  t h a t  c u r r e n t  
consumption i s  s t rong ly  inf luenced  by previous consumption p a t t e r n s  and 
any s t i m u l a t i o n  of cu r r en t  consumption w i l l  be dampened by t h i s  i n e r t i a  
f a c t o r .  
The parameter e s t ima te s  of 0.013, 0.056 and 0.039 f o r  D ] ,  D2 and 
D 3  provide ind ices  which i n d i c a t e  t h e  percentage change i n  mi lk  consump- 
t i o n  which i s  caused by seasonal  e f f e c t s  f o r  the  A p r i l ,  May, June;  J u l y ,  
August, September; and t h e  October ,  November, December q u a r t e r s .  The 
h igh  t -va lues  i n d i c a t e  t h a t  t h e  s easona l  consumption p a t t e r n  i s  ve ry  
s t a b l e .  
The conclus ions  about t h e  e f f e c t s  of d i sposable  income, a d v e r t i s i n g  
and t h e  o t h e r  f a c t o r s  d i scussed  i n  Chapter 2  a r e  l e s s  conc lus ive .  While 
t h i s  i n i t i a l  i n v e s t i g a t i o n  c l e a r l y  shows these  f a c t o r s  have n o t  had a  
s t r o n g  in f luence  neve r the l e s s  it f a i l s  t o  i d e n t i f y  e x a c t l y  what type of 
i n f luence  they  have had. Fu r the r  a n a l y s i s  i s  needed be fo re  any c l e a r  
conclus ions  can be drawn. 
4.1.4 Forecasting Performance of the Quarterly Models 
A rigorous test of the forecasting ability of the models consists 
of a comparison of actual values with predicted values for observations 
outside the data set used to estimate the models' parameters. To examine 
the ex-post validity of the models the final specifications of the linear 
and log-linear mbdels were re-estimated using data from 1972 to 1980 and 
then estimated models were used to forecast the nine quarters from 1981 
onwards. 
The results of these simulations, given in Table 4, indicate the 
linear model is preferred to the log-linear model as the log-linear model 
consistently over-estimates. With the exception of 2 periods the linear 
model gives forecasts within 1 percent of the actual values. 
TABLE 4 
Ex-Post Forecasts for Quarterly Models 
- - p 
Linear Model Year Log-Linear Model 
. Quarter Actual Predicted Error Actual Predicted Error 
Theil's U 
Root Mean 
Squared 
Error 
4 . 2  Annual Models 
T h i s  s e c t i o n  d e s c r i b e s  t h e  r e s u l t s  f o r  t h e  annual  models .  These 
models were developed t o  q u a n t i f y  t h e  f a c t o r s  which a f f e c t  consumption 
o f  m i l k  i n  t h e  long run .  
4 . 2 . 1  I n i t i a l  A n a l v s i s  o f  Data 
The q u a r t e r l y  model used d a t a  from 1972 t o  1983. I n  o r d e r  t o  o b t a i n  
t h e  maximum i n f o r m a t i o n  p o s s i b l e  t h e  d a t a  s e r i e s  was extended f o r  t h e  
annua l  model t o  cover  t h e  p e r i o d  1959-60 t o  1982-43. The p e r i o d  used was 
t h e  August y e a r  s o  t o  c o i n c i d e  w i t h  t h e  Milk Board ' s  p l a n n i n g  y e a r .  The 
i n c r e a s e  i n  m i l k  consumption u p - t o  1975 fo l lowed  by a  s t e a d y  d e c r e a s e  i s  
a g a i n  shown i n  F i g u r e  4 .  Here i t  can  be s e e n  t h a t  t h e  d e c l i n e  i s  t w i c e  
a s  r a p i d  a s  t h e  i n i t i a l  i n c r e a s e .  
P r i c e  
The p r i c e  o f  mi lk  between 1959-40 and 1971-72 remained c o n s t a n t  a t  
4 ~ / p i n t  o r  7 . 0 4 2 3 c / l i t r e .  T h e r e f o r e ,  f o r  t h e  f i r s t  p a r t  of t h e  p e r i o d  
w h i l s t  consumption i s  i n c r e a s i n g ,  nominal p r i c e  i s  a  c o n s t a n t .  A s  f o r  
t h e  q u a r t e r l y  model t h e  p r i c e  o f  m i l k  i s  d e f l a t e d  t o  t h e  r e a l  p r i c e  
u s i n g  t h e  food component o f  t h e  Consumer P r i c e  Index ( s e e  F i g u r e  5 ) .  
Income 
The annua l  model used a  wage i n d e x  v a r i a b l e  s i m i l a r  t o  t h a t  i n c l u d e d  
i n  t h e  q u a r t e r l y  model a s  an  i n d i c a t o r  o f  r e a l  d i s p o s a b l e  income. The 
i n d e x  i n d i c a t e s  t h a t  income was r e l a t i v e l y  s t a b l e  i n  t h e  e a r l y  1960s 
fo l lowed  by a  marked i n c r e a s e  between 1969 and 1972 and s i n c e  t h e n  i t  
h a s  remained r e l a t i v e l y  s t a b l e  ( s e e  Appendix B).  
Age S t r u c t u r e  o f  t h e  P o ~ u l a t i o n  
F i g u r e  5 shows a  s t e a d i l y  d e c l i n i n g  p r o p o r t i o n  of t h e  p o p u l a t i o n  
under  t h e  age o f  15 y e a r s  from 33 p e r c e n t  i n  1960 t o  26 p e r c e n t  i n  1983. 
Advert  i s  ing 
A d v e r t i s i n g  was i n c l u d e d  from 1976/77 onwards. P r i o r  t o  t h i s  t h e  
low m i l k  p r i c e  had l e d  t o  a  c o n t i n u a l  demand f o r  m i l k  w i t h o u t  t h e  need 
f o r  much a d v e r t i s i n g .  S i n c e  t h e n  t h e r e  h a s  been c o n s i d e r a b l e  f l u c t u a t i o n  
i n  t h e  l e v e l  o f  a d v e r t i s i n g  e x p e n d i t u r e  ( s e e  Table  2 ) .  
4 . 2 . 2  E s t i m a t i o n  R e s u l t s  
Two v e r s i o n s  f o r  f i n a l  model s p e c i f i c a t i o n  a r e  g i v e n ;  one i n c l u d i n g  
t h e  t r e n d  v a r i a b l e  and one e x c l u d i n g  t h e  t r e n d  v a r i a b l e .  The model h a s  
been e s t i m a t e d  w i t h  two o b j e c t i v e s .  F i r s t l y ,  i t  i s  r e q u i r e d  t o  i d e n t i f y  
f a c t o r s  de te rmin ing  t h e  demand f o r  m i l k .  I n  t h i s  c o n t e x t  i n c l u s i o n  o f  
t h e  t r e n d  v a r i a b l e  i s  q u e s t i o n a b l e  s i n c e  t h e r e  i s  l i t t l e  t h e o r e t i c a l  
j u s t i f i c a t i o n  f o r  i t s  p r e s e n c e .  Secondly,  t h e  model i s  t o  b e  used  t o  
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p r e d i c t  f u t u r e  l e v e l s  o f  demand, and i n  t h i s  c a s e  t h e  t r e n d  v a r i a b l e  does  
have r e l e v a n c e .  
The e s t i m a t e d  demand f u n c t i o n s  f o r  t h e  l o g - l i n e a r  models a r e :  
1 .  CONS . = 1.612 + 0.745 CONS(-I) - 0.064PRICER + 0 . 1 3 3  A G E ~ I ~  
( 4 .  15) (10.  12) ( -3 .76)  ( 4 . 4 8 )  
CONS = p a s t e u r i z e d  m i l k  consumption p e r  head 
CONS(-I) = p r e v i o u s  p e r i o d ' s  consumption p e r  head 
PRICER = p r i c e  o f  m i l k  p e r  l i t r e  d e f l a t e d  by t h e  CPI f o r  food 
~ ~ ~ 6 1 4  = t h e  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  aged 0-14 y e a r s  
A l l  pa ramete r  e s t i m  t e s  have e x p e c t e d  s i g n s ,  and a l l  a r e  s i g n i f i c a n t  
-2 
a t  99% l e v e l .  The h igh  R v a l u e s  s u g g e s t  a  'good f i t '  by t h e  model.  The 
Durbin Watson s t a t i s t i c  does n o t  i n d i c a t e  f i r s t  o r d e r  a u t o c o r r e l a t i o n  o f  
t h e  e r r o r  t e r m s .  The "goodness o f  f i t "  o f  t h i s  model i s  h i g h l i g h t e d  i n  
F i g u r e  6 .  
2 .  CONS = 2.409 + 0.606 CONS(-]) - 0.067 PRICER 
( 5 . 8 0 )  ( 7 . 9 6 )  ( -4 .69)  
+ 0.296 ~ G E a 1 4  + 0.030 TREND 
(5 .05)  ( 3 . 0 6 )  
TREND i s  a  t ime  t r e n d  ( 1 ,  2 ,  ..., 25) 
I n  t h i s  c a s e  CONS(-]) ,  PRICER, A G E ~ I ~  and TREND parameter  e s t i m a t e s  
a r e  a l l  s i g n i f i c a n t  a t  t h e  95% l e v e l  and t h e  Durbin Watson s t a t i s t i c  
i n d i c a t e s  absence  of f i r s t  o r d e r  a u t o c o r r e l a t i o n .  
The p r i c e  e l a s t i c i t i e s  c a l c u l a t e d  a r e  s i m i l a r  t o  t h o s e  f o r  t h e  
q u a r t e r l y  model a s  a r e  t h e  l agged  consumption v a r i a b l e  p a r t i a l  a d j u s t m e n t  
e l a s t i c i t i e s .  The i n c l u s i o n  o f  t h e  t r e n d  v a r i a b l e  h a s  most marked e f f e c t  
on t h e  a g e  s t r u c t u r e  parameter  where t h e  e l a s t i c i t y  i s  changed c o n s i d e r -  
a b l y .  T h i s  means t h e  e l a s t i c i t y  f o r  t h e  age s t r u c t u r e  v a r i a b l e  s h o u l d  be 
i n t e r p r e t e d  w i t h  c a u t i o n .  
Models i n c l u d i n g  wage i n d i c e s  and a d v e r t i s i n g  e x p e n d i t u r e  were a l s o  
e s t i m a t e d  and t h e  r e s u l t s  a r e  g i v e n  i n  Tab le  5 .  N e i t h e r  o f  t h e s e  v a r i a b l e s  
had a  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on consumption.  
4 .2 .3  F o r e c a s t i n g  With t h e  Annual Models 
One o f  t h e  i n t e r e s t s  o f  t h e  New Zealand Milk Board was use  o f  t h e  
models t o  make annua l  f o r e c a s t s  f o r  m i l k  consumption o v e r  an ex tended  
p e r i o d .  I n  p a r t i c u l a r  p r e d i c t i o n s  were r e q u i r e d  f o r  t h e  f i v e  y e a r l y  
p e r i o d  1983-84 t o  1987-88 f o r  i n c r e a s e s  i n  t h e  r e a l  p r i c e  o f  m i l k  o f  
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5 and 10 p e r c e n t  p e r  y e a r .  4 
I n  o r d e r  t o  choose  t h e  "bes t "  model f o r  f o r e c a s t i n g  ex-post v a l i d i t y  
t e s t s  s i m i l a r  t o  t h e  ones  f o r  t h e  q u a r t e r l y  models  were u n d e r t a k e n .  The 
l i n e a r  and log- l inea r  models were e s t i m a t e d  u s i n g  d a t a  from 1960 t o  1978 
and t h e  e s t i m a t e d  models were used t o  f o r e c a s t  t h e  f i v e  y e a r s  from 1979 
t o  1983. The r e s u l t s  o f  t h e s e  s i m u l a t i o n s  g i v e n  i n  Tab le  6 i n d i c a t e  t h e  
log- l inea r  model w i t h  t h e  t r e n d  v a r i a b l e  i n c l u d e d  i s  p r e f e r r e d  t o  t h e  
o t h e r  s p e c i f i c a t i o n  a s  i t  h a s  t h e  l o w e s t  a v e r a g e  e r r o r s .  
TABLE 6 
Ex-E'ost F o r e c a s t s  f o r  t h e  Annual Model 
( a )  Trend Excluded 
L i n e a r  Model Year Log-Linear  Model 
Ending A c t u a l  P r e d i c t e d  E r r o r  A c t u a l  P r e d i c t e d  E r r o r  
T h e i l ' s  U 
Root Me an 
Squared 
E r r o r  
( b )  Trend I n c l u d e d  
L i n e a r  Model L o g 4 i n e a r  Model 
Year 
Ending A c t u a l  P r e d i c t e d  E r r o r  A c t u a l  P r e d i c t e d  E r r o r  
T h e i l ' s  U 
Root Mean 
Squared 
E r r o r  
A 10 p e r c e n t  i n c r e a s e  i n  p r i c e  o v e r  t h e  n e x t  5 y e a r s  would make t h e  
p r i c e  o f  m i l k  a p p r o x i m a t e l y  e q u a l  t o  t h e  c u r r e n t  A u s t r a l i a n  p r i c e  o f  
52 c e n t s  f o r  600 m l s .  
CHAPTER 5  
CONCLUSIONS 
5 .  1 The U s e f u l n e s s  o f  t h e  Models 
T h i s  r e p o r t  d e m o n s t r a t e s  t h a t  e c o n o m e t r i c  a n a l y s i s  p r o v i d e s  a  
s a t i s f a c t o r y  method f o r  q u a n t i f y i n g  t h e  f a c t o r s  which de te rmine  t h e  p e r  
c a p i t a  consumption o f  m i l k .  The r e p o r t  a l s o  d e m o n s t r a t e s  t h a t  t h e  es t ima-  
t e d  models c a n  be  used e f f e c t i v e l y  f o r :  
( 1 ) h i s t o r i c a l  a n a l y s i s  
( 2 )  f o r e c a s t i n g  s e a s o n a l  and a n n u a l  s a l e s  
( 3 )  p o l i c y  a n a l y s i s  
I n  t h e  c o n t e x t  o f  h i s t o r i c a l  a n a l y s i s  t h e  e l a s t i c i t i e s  from t h e  
e s t i m a t e d  models c a n  be  used  t o  i s o l a t e  t h e  p a s t  e f f e c t s  of  t h e  v a r i o u s  
p o l i c y  v a r i a b l e s  and o t h e r  f a c t o r s .  For  example t h e  annual  model c a n  
be  used  t o  examine t h e  e x t e n t  t h e  p r i c e  i n c r e a s e  i n  t h e  p e r i o d  1975 t o  
1983 a f f e c t e d  t h e  d e c l i n e  i n  p e r  c a p i t a  consumption of  m i l k .  
Dur ing t h i s  p e r i o d  p e r  c a p i t a  consumption dropped from 135 t o  113 
l i t r e s  p e r  c a p i t a  (16 p e r c e n t  down) w h i l e  t h e  r e a l  p r i c e  of  m i l k  i n c r e a s e d  
by 138 p e r c e n t .  However, t h e r e  was a l s o  a  d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  
c h i l d r e n  0 t o  14 y e a r s  i n  t h e  p o p u l a t i o n  from 29.4 t o  25.9 p e r c e n t ,  a n  
i n c r e a s e  i n  t h e  g e n e r i c  a d v e r t i s i n g  o f  m i l k  and an i n c r e a s e  i n  t h e  
c o m p e t i t i o n  from m i l k  s u b s t i t u t e s  such a s  f r u i t  j u i c e s .  Using t h e  
e l a s t i c i t i e s  from t h e  annua l  model a p p r o x i m a t e l y  t h r e e  q u a r t e r s  o f  t h i s  
d e c l i n e  can  be  a t t r i b u t e d  t o  t h e  p r i c e  i n c r e a s e s  . w i t h  t h e  remainder  due 
t o  a  change i n  age s t r u c t u r e  and t o  t r e n d  f a c t o r s .  The r e s u l t s  i n d i c a t e  
t h a t  a d v e r t i s i n g  o v e r  t h i s  p e r i o d  had l i t t l e  e f f e c t  i n  s t i m u l a t i n g  
consumption l e v e l s .  
The ex-post v a l i d a t i o n s ,  where t h e  models  were used  t o  p r e d i c t  
o u t s i d e  t h e  d a t a  i n t e r v a l ,  d e m o n s t r a t e  b o t h  t h e  q u a r t e r l y  and a n n u a l  
models  a r e  c a p a b l e  o f  p r o v i d i n g  a c c u r a t e  f o r e c a s t s  and hence have  t h e  
p o t e n t i a l  t o  become u s e f u l  p o l i c y  a n a l y s i s  t o o l s .  
5 .2  Comparison w i t h  Overseas  R e s u l t s  
The e s t i m a t e s  o f  t h e  e l a s t i c i t i e s  f o r  p r i c e ,  income, age  s t r u c t u r e  
and t h e  s e a s o n a l  e f f e c t s  a r e  r e a s o n a b l y  c o n s i s t e n t  w i t h  t h e  r e s u l t s  from 
t h e  o v e r s e a s  s t u d i e s  which were reviewed i n  C h a p t e r  2 .  A p o s s i b l e  
e x p l a n a t i o n  f o r  t h e  s l i g h t l y  more i n e l a s t i c  demand i s  t h a t  t h e  New Zea land  
p r i c e  f o r  m i l k  h a s  been c o n s i d e r a b l y  lower  t h a n  o t h e r  c o u n t r i e s .  F o r  
example t h e  A p r i l  1983 a v e r a g e  r e t a i l  p r i c e  f o r  600ml o f  m i l k  i n  New 
Zea land  was 30 c e n t s  compare2 w i t h  52 c e n t s  f o r  A u s t r a l i a ,  54 c e n t s  f o r  
U . K .  and 55 c e n t s  f o r  U.S.A. 
Monthly A b s t r a c t  o f  S t a t i s t i c s ,  T a b l e  21.07 p. 94,  September 1983, 
Department o f  S t a t i s t i c s .  
23. 
5.3 Further Research 
It is important to emphasise that this study only provides a 
preliminary analysis. Further model development and testing is required 
before the models can be used by the milk industry as an onLgoing planning 
tool. 
This study has been solely concerned with analysing aggregate demand 
and useful extensions would be to explore regional demand and product type 
demand. Another valuable area for future research would be to adapt the 
models so they could be used to simulate the effects of policy changes and 
to explore the revenue implications of these policy simulations. This 
type of analysis could be similar to Strak and Gill's (1983, Chapter 4 )  
simulation of the U.K. milk market. 
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APPENDIX A 
Elaboration on the Partial Adjustment Process 
The partial adjustment process is based on the assumption that 
consumers only partially adjust their consumption of milk in the 
current period. The structural model from which the reduced form model 
is derived consists of two equations. The first represents the desired 
consumption in period t. 
where Y* is the "desired" consumption t 
Xlt, ...Xnt is a set of independent variables such as price, 
income and age structure. 
The second equation represents the partial adjustment process. 
where Y t' Yt- l are actual consumption and a is a partial adjustment 
or inertia coefficient. It is assumed that the partial adjustment 
process or inertia effect is caused by the slowness of consumers to 
change old habits or by lack of consumer information. 
Substituting ( I )  in ( 2 )  gives 
which is the reduced form (or estimation form) of the partial adjustment 
model. The partial adjustment model was first suggested by Nerlove 
( 1956). 

APPENDIX B 
Observations Used for Estimation and Forecasting 
B . ]  Quarterly Model Data 
Quarter Variable 
Year CONS PRICER WAGER AGE@ I4 
B.2 Annual Model Data 
Var i ab l e  Year 
Ending CONS PRICER AGE@ 14 WAGER 
B.3 Data Sources 
CONS = Consumption per  head i n  l i t r e s .  Pas t eu r i zed  Town Milk S a l e s  
d iv ided  by t h e  New Zealand Popula t ion .  Sources: N . Z .  Milk 
Board 's  Annual Reports (Table I )  and Monthly Abs t r ac t  of  
S t a t i s t i c s .  
PRICER = P r i c e  o f  pa s t eu r i zed  milk per  l i t r e  d iv ided  by t h e  consumer 
p r i c e  index f o r  food. Sources: N . Z .  Milk Board's Annual 
Reports  and Monthly Abs t rac t  o f  S t a t i s t i c s .  
WAGER = Real weekly wage of  a d u l t  employees. Sources: Monthly 
Abs t r ac t  of  S t a t i s t i c s .  
~ ~ ~ 6 1 4  = Percentage  of  Popula t ion  0 t o  14 y e a r s .  Sources:  Monthly 
Abs t r ac t  of S t a t i s t i c s .  
The q u a r t e r l y  model d a t a  a r e  of t h e  January/March, Apr i l / June ,  J u l y /  
September and October/December q u a r t e r s  wh i l e  t h e  annual model d a t a  
a r e  f o r  t h e  y e a r  ending 31 August. 

